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January 16, 1981 


Mr. Robert W. Rummel, Chairman 
Aeronautics and Space Engineering Board 
National Research Council 
Washington, D. C. 20418 

Dear Mr. Rummel: 

It is my privilege to submit the report of the "Workshop on the 
Role of NASA in Aeronautics" which was conducted during the period 
July 27 to August 2, 1980, at the National Academy of Sciences Study 
Center, Woods Hole, Massachusetts. 

The purpose of the workshop was to determine NASA's future role in 
aeronautics. In pursuit of this objective, 60 experts were organized 
into five panels for what turned out to be an arduous and exhilarating 
week-long effort to weigh the available information and arguments and 
to develop the conclusions and recommendations that are presented in 
this report. 

The message of the workshop is centered in three overriding con- 
clusions : 

o The close and successful working relationship that was initi- 
ated in 1915 between the National Advisory Committee for 
Aeronautics (NACA) and the fledgling aviation industry and 
has continued uninterrupted to its present mature state under 
the National Aeronautics and Space Administration must be 
maintained and strengthened. The present relationship is 
unique in the United States and stands as an example of 
effective cooperation between government and industry, which 
is particularly important in light of the current concern 
with developing a cooperative and supportive relationship 
between government and industry. Contrary to a view widely 
held by many sectors of private industry that there should be 
little or no government involvement in their affairs, the 
various sectors of the aviation industry that were 
represented at the workshop clearly endorsed the continuation 
of the present NASA-industry working relationship. In fact, 
two sectors, general aviation and rotorcraft, argued for a 
larger NASA role in support of research in their fields. The 
key point here is that government cooperation — as exemplified 
by the NASA-aviation industry relationship — can have a 
stimulating and strengthening effect on an industry that will 
enable it to compete more effectively in the international 
marketplace and prevent its vulnerability to foreign trade 
offensives . 
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With regard to the fundamental question that the workshop was 
asked to address, there was unanimous agreement by the parti- 
cipants that NASA should be engaged fully in the first four 
roles described in Section IV — that is. National Facilities & 
Expertise, Research, Generic Technology Evolution, and 
Vehicle Class Technology Evolution. Moreover, there was con- 
sensus that NASA should be involved in two additional roles — 
Technology Demonstration and Technology Validation — when, 
after an assessment of each individual case, the potential 
benefit to the country is considered great. With the excep- 
tion of the Panel on General Aviation, the panels agreed that 
under very special circumstances NASA also could have a role 
in Prototype Development and Operations Feasibility. Apart 
from these specific roles, the workshop participants identi- 
fied the following possible new ones for NASA; providing a 
technical data base for the Federal Aviation Administration 
to use in aircraft airworthiness certification; contributing 
to the solution of the problem of decreasing numbers of grad- 
uate students in aeronautical science and engineering; and 
disseminating information on foreign aeronautical research and 
technology to U.S. users. 

o Finally, because of the economic, social, political, and 
technological challenges perceived to be currently threatening 
the U.S. leadership in aeronautics, the aviation community 
represented at the ASEB workshop concluded that there is an 
urgent need for a clear and emphatic statement to reaffirm, 
clarify and strengthen NASA's role in aeronautics. This is 
important to enable NASA to fully and successfully sustain 
its mission as mandated by the National Aeronautics and Space 
Act of 1958. Indeed, such a statement should be part of a 
broad commitment to a strong national policy for aeronautics. 
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PREFACE 


Aeronautics is changing in many significant respects. The 
implications of this are so far-reaching as to call into question the 
future position of the United States in world aviation. 

The magnitude of this question, with its possible consequences for 
the nation's economy and security, led the National Aeronautics and 
Space Administration (NASA) to seek an independent evaluation from the 
Aeronautics and Space Engineering Board (ASEB) of the National Research 
Council's Assembly of Engineering. Specifically, the ASEB was asked 
to assess the nature and Implications of the current state of U.S. 
aviation in a world setting and their significance for NASA's role in 
the nation's aeronautical future. 

The ASEB responded by convening a workshop July 27 through August 
2, 1980, at the National Academy of Sciences' Woods Hole Study Center. 
The workshop was structured into four panels covering military avia- 
tion, transport aircraft, general aviation, and rotorcraft. In addi- 
tion, an overview panel was formed to consider NASA's role in research 
as well as its relationships with other elements of the aeronautics 
community. 

The central task of the workshop was to examine the relationship 
of NASA's aeronautical research capabilities to the state of U.S. avia- 
tion and to make recommendations about NASA's future roles in aeronau- 
tics. 

NASA and its predecessor, the National Advisory Committee for Aero- 
nautics (NACA), traditionally have maintained a cooperative relation- 
ship with the aeronautical Industry, with other government agencies 
concerned with aircraft operations and regulations, and with the 
academic community engaged in aerospace research. This triumvirate 
was taken into account in planning the workshop and selecting the par- 
ticipants. Thus, representatives from each part of the aeronautical 
community were invited, and information on NASA's relationship with 
each was the subject of special presentations prior to the working 
sessions. Representation from industry was predominant because 
industry's relationship with NASA is considered to be a key element in 
examining the present and future roles of NASA. 

The members of the workshop panels represented, in total expertise 
and experience, all of the important sectors of aeronautics; military 
aircraft and missiles; commercial air transports; general aviation; 
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rotorcraft; university and private research; airline operations; and 
government regulatory agencies. In addition, the participants also 
included representatives of other industries — notably, automotive, 
electronics, and steel. Including the speakers and other non-panel 
members, close to 80 individuals participated. 

The participants were asked to address the issue of NASA's role in 
the context of a wider discussion concerningj the status and dimen- 
sions of U.S. aeronautics; the key aeronautical problems and opportuni- 
ties that are likely to be amenable to research and technology develop- 
ment; the historical evolution and accomplishments of NASA in aeronaut- 
ical research and technology development; and possible alternatives to 
NASA. Each of these subjects is discussed thoroughly in separate 
panel reports and are summarized in this document, which also contains 
the conclusions and recommendations of the workshop. 

The report of the workshop consists of seven volumes; 

I — Summary 

II — Report of the Panel on Military Aviation 

III — Report of the Panel on Transport Aircraft 

IV — Report of the Panel on General Aviation 

V — Report of the Panel on Rotorcraft 

VI — Report of the Overview Panel on Aeronautical Research 

VII — Background Papers — The Outlook for Aeronautics and Relevant 
Areas 

In order to help focus the discussion, NASA officials developed and 
provided a concise set of definitions of eight possible roles for NASA; 
National Facilities and Expertise ; Research ; Generic Technology Evolu- 
tion ; Vehicle Class Technology Evolution ; Technology Demonstration ; 
Technology Validation ; Prototype Development ; and , Operations Feasi- 
bility . Because some of these roles differ, depending on the aeronau- 
tical discipline involved, the roles are assessed within six principal 
aeronautical disciplines; aerodynamics , structures and materials , pro- 
pulsion , electronics and avionics , vehicle operations , and human 
engineering . Definitions of these roles and disciplines are contained 
in Section IV of Volume I. The matching of the roles and disciplines 
is treated in Volumes II-VI and summarized in Section II of Volume I. 

The workshop participants were extensively briefed by officials 
from NASA, the Department of Defense (DOD), and the Federal Aviation 
Administration (FAA), by leaders from the aviation manufacturing and 
operating industries, and by a member of Congress. The briefings are 
to be found in Volume VII. 

Each panel separately considered the national benefits produced 
within the dimensions of its sector and the relative state of the 
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sector's world position; each considered the evolution of NASA's role, 
as well as a rationale for NASA's aeronautical support of its sector; 
and, finally, each panel produced sector-oriented conclusions and 
recommendations for NASA's roles for the future. Although there are 
obvious overlaps, the similarities and differences in each of the 
panels' findings are preserved in the separate reports of the sector- 
oriented panels. Volumes II-V. 

An Overview Panel considered the fundamental relationships among 
NASA, other government agencies, the private sector, and academe. The 
Overview Panels report on aeronautical research is Volume VI. 

Completing the Summary, Volume I, are four Appendixes — two of which 
are the "Evolution of NACA/NASA in Aeronautics" (Appendix A) and 
"NASA's Institutional Relationships" (Appendix B). Appendix C is a 
"Bibliography" and Appendix D lists the "Workshop Panels' Membership." 

The workshop report does not pretend to be a complete study of all 
facets of aeronautical policy for the United States. In dealing with 
many of the assigned tasks, however, it was necessary to use as a basis 
for discussion either stated, "de facto" or evident national policies. 
It is believed that the conclusions in this report should receive 
serious consideration in the formation of a coherent national aeronau- 
tical policy. 
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I. A VIEW OF THE U.S. AERONAUTICAL COMMUNITY 


Any assessment of NASA's future role in aeronautics must take cog- 
nizance of the current and projected status of the United States in 
world aviation. It is also important to examine the past performance 
of NASA in advancing U.S. aeronautical technology to its present status 
and to consider whether there are alternative approaches to advancing 
aeronautical technology that would be preferable to those currently 
pursued. 


State of U.S. Aeronautics Industry 

The preeminence of the United States in aviation is a consequence 
of technological capability gained during and since World War II. One 
major piece of evidence for U.S. aeronautical superiority is the pres- 
ence of American-made aircraft at every large airport in the free 
world. 

All 50 states contribute to the nation's aircraft production. This 
involves some 10,000 companies employing about 1 million Americans. 
Today, aerospace is the second largest employer among U.S. manufactur- 
ing industries. It contributes more than any other manufacturing 
industry to the U. S. balance of trade and has recently replaced agri- 
culture as first in net exports. 

Even so, the workshop participants hold that the current statistics 
may be the high water mark for U.S. aviation's relative position in the 
world. U. S. manufacturers of commercial air transports have lost more 
than 20 percent of their market to European competitors over the past 
several years. The U.S. market share for rotorcraft has decreased by 
15 percent at a time when the world rotorcraft market is expanding. 
The commuter airplane market is now dominated by foreign manufacturers, 
who are also making significant gains in the business- jet market. Last 
year, U.S. production of military fixed-wing aircraft and helicopters 
was one-half the peacetime level following the Vietnam war. These are 
some of the indicators that point to a change in U.S. aeronautical 
leadership. 

Comparisons of the status of U.S. production and sales of aircraft 
with foreign competitors can be misleading, however. That statistics 
show the U.S. to be on a par with or even ahead of a competitor is 
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relatively meaningless if the competitor has been gaining steadily over 
a period of years. Such a trend could be a signal that the competition 
may be about to surpass the U.S. 

Technical competence takes some time to develop, and the momentum 
that accompanies such development is substantial. A competitor can 
carry forward on his built-up momentum, but it is difficult to restore 
technical momentum in an area where the pace has slackened. Thus, 
there should be no comfort whatsoever in the classic statement "We're 
still ahead in that area" if it applies to a convergence and crossover 
that is prevalent in several important areas of aeronautics. 


Significant Changes 

The factors affecting aeronautical changes are multifaceted and are 
not confined solely to the United States in their scope. Such changes 
encompass domestic factors that have served to diminish the strength 
and vigor of U.S. technological capabilities. They also include 
changes that have occurred worldwide as other countries have become 
more effective competitors in the international market. 

Addressing the entire body of changes and its total implications 
to the nation exceeded the workshop's capabilities. Nonetheless, the 
working panels considered it appropriate to note the progressive 
changes in U.S. national priorities, as reflected in the federal uni- 
fied budget outlays portrayed in Figure 1. In the view of the work- 
shop participants, such changes have had a profound effect on our 
relative position in aeronautical technology. Admittedly, analysis of 
the federal budget with regard to the allocations made each year for 
different purposes is a very complex issue involving much more than 
questions about aeronautics, such as concerns about foreign policies, 
world food shortages, energy needs, social well-being, and health care. 
Still, the effect of these changes on budget priorities was considered 
appropriate for review because it is one of the several perspectives 
considered by the panels in developing their conclusions and recommen- 
dations. 

As noted in Figure 1, toward the end of the 1960s, the U.S had 
firmly reordered its priorities for federal outlays. This process had 
Incremental side effects (in large measure unintended) that resulted 
in a contraction of the nation's research and development infrastruc- 
ture — through avenues of direct federal support. Through tax policy 
and by expanded regulation of the private sector this has affected both 
the infrastructure components (academe. Industry, and government) and 
research disciplines, all to varying degrees. However, aeronautical 
research and its component structures were particularly affected by a 
relative diversion of federal funding from the NASA and military pro- 
grams. Coincident with this diversion, changes occurred worldwide, as 
other nations rebuilt their industrial base to become viable competi- 
tors and, indeed, to attain a larger number of leadership positions in 
markets formerly dominated by the United States. 

Aviation has become increasingly affected in this process of change 
over the past decade. Recognizing the attractiveness of potential 
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(a) Includes retirement, disability, social security, medicare, unemployment insurance, welfare, food stamps, 
medicaid, tow income assistance, payments for education, health, manpower training ar>d social services, 
including grants-in-aid to State and local governments. 

(b) Irtcludes natural resources, environment and energy, agriculture, comnnerce and transportation, community 
and regional development; space and technology. 

(c) Grants*in>aid for international affairs, law enforcement and justice, general government, revenue sharing and 
general-purpose fiscal assistarKe. 

Sources: 0MB; Budget of U.S. Govt.. FY 78. 79. 80, 81; AIA, 


FIGURE 1 Composition of Federal Unified Budget Outlays 


return for its member nations from a competitive civil aircraft indus- 
try and an expanded air transportation system, the European community 
in 1969 conducted an extensive assessment of its aeronautical future. 
By 1972, the European governments had endorsed the policies and plans 
needed to realize this potential and to displace the U.S. from its 
position of leadership in aviation. xhe European plans have 
emphasized shared national responsibilities and collaborative govern- 
ment and industrial programs to overcome the competitive advantages of 
U.S. economies of scale — most notably in human resources, in financing, 
and in research and technological development. 

Following the European lead, Japan, Canada, Brazil, and other coun- 
tries have also included civil aircraft development and production in 
their national industrial plans. Japan, significantly, has established 
aircraft at a high priority in its national industrial plans, and has 
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meticulously nurtured its advanced research toward civil aviation. 

As foreign countries have increased their efforts on civil aircraft 
manufacturing, on advanced aeronautical research, and on expansion of 
their airlines, the United States has continued along a path that has 
increasingly constrained all three. 

There also are significant changes affecting the position of the 
United States in military aeronautics. Air power is a critical ingre- 
dient in a nation's security. If the United States is to have the 
military air capability necessary to defend the nation successfully, 
it must have the most advanced technology available, especially if the 
number of its aircraft and missiles is fewer than those of a potential 
adversary. 

Today, the United States relies on the capabilities of its allies 
to complement its air power. Although most of the post-World War II 
aircraft, armament, and equipment of these allies have come from U.S. 
Industry, the trends indicate that many reequipment items will be 
designed and manufactured either by individual countries or by foreign 
consortiums. Some foreign countries have been improving their aeronau- 
tical research capabilities during the last 15 years. Today their 
aggregate research facilities are comparable to those of NASA, and the 
resulting aircraft and missiles reflect their technology to be equiva- 
lent to U.S. designs. 

Against this backdrop, the USSR continues to expand and modernize 
an extensive array of military airplanes, missiles, and armament. In 
all, the evidence points to a continuing trend of improvement of USSR 
air power, plus a continuation of Soviet willingness to supply modern, 
high-performance aircraft to Third World nations. 

To meet this challenge, the U.S. military air services depend upon 
a strong complementary aeronautical technology base in NASA, industry, 
and academe to supplement their own efforts. Aeronautical technology 
developments by NASA are vital to the performance of the DOD's basic 
mission of defending the United States against any adversaries. 

There is another area of significant change that was considered by 
the workshop participants. It is not necessary to elaborate here on 
the national and worldwide concern about the cost and availability of 
fuel. It should be noted, however, that a fundamental objective of 
aeronautical technology always has focused on Improving efficiency. 
In past decades, the cost of fuel was only one of many economic 
factors to be balanced in the interest of improving aviation 
efficiency and productivity. During the 1950s and 1960s most 
aeronautical advances were made through improvements in speed and 
performance. The Arab oil embargo of 1973-1974 resulted in a 
significant and continuing dislocation in fuel prices. As a 
consequence fuel efficiency per se became a major concern of 
governments and the aviation industry everywhere. 

The U.S. aircraft industry invested billions of dollars in activities 
aimed at improving efficiency, and the Congress asked NASA to launch 
major programs designed to increase the fuel efficiency of transport 
aircraft. 

New technological advances in aerodynamics, in structures and 
materials, in electronics, and in propulsion offer the potential for 
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dramatic improvements in the efficiency of aircraft. Such improvements 
could make obsolete virtually all U.S. aircraft now in production or 
design. One decade from now, world leadership in aeronautics will be 
achieved, in all probability, by the nation or nations that seize the 
initiative and move such technologies from their present research 
status through the refinement and validation processes essential for 
successful production and operation of more efficient aircraft. 

Considering the erosion of momentum in U.S. aeronautical techno- 
logy, the opportunities during the next decade may favor a foreign com- 
petitor if this country falls to maintain and improve its technological 
capabilities in aeronautics. 


NASA'S Research Role — Past and Present 

In 1915, the U.S. Government firmly stated its objectives for avia- 
tion when it established the National Advisory Committee for Aeronau- 
tics. The original committee comprised members from academe, the 
military, and civil government. During its formative years, the 
purpose of NACA was to guide and supervise the fledgling science of 
aeronautics in practical military and civil applications. 

Gradually, as the nation began to recognize the potential inherent 
in aeronautics, NACA acquired in-house capabilities that yielded much 
aeronautical information derived from fundamental research, flight 
experiments, and ground testing. These capabilities contributed sig- 
nificantly to the nation's understanding of the problems of flight. 
As World War II approached, NACA's activities were extended into pro- 
pulsion research and testing. During the war years, it was the close 
teamwork among NACA, industry, and the military that forged a command- 
ing position for U.S. aeronautics. 

Combat experience exposed problems in new aircraft, and NACA's 
highest priority during wartime was to find practical solutions to such 
problems. The NACA's second priority was to conduct a variety of fun- 
damental research projects aimed at meeting future defense needs. It 
became evident that NACA's experience in developing practical solutions 
to the problems confronting the military and Industry, along with its 
independent approach to fundamental research, had created the synergism 
that was to spark the transition of U.S. wartime aviation supremacy 
into its peacetime preeminence. 

The NACA-mllitary-industry working relationships endured after the 
war, and until the late 1950s NACA remained a major participant in the 
refinement and validation of jet aircraft technology and in the basic 
explorations of supersonic and stratospheric flight. This post-war 
period was particularly productive for U.S. aeronautics. 

The character and substance of U.S. aeronautical research were 
affected when NACA was replaced by NASA. The successor agency was 
organized in 1958 with an emphasis on space priorities. NASA placed 
more emphasis on contracting for much of its research rather than on 
the performance of independent research, which had characterized NACA. 
More Important, NASA made significant diversions of aeronautical capa- 
bilities and managerial attention to space activities. Concurrently, 
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there was a commensurate decline in funding and manpower for aeronau- 
tics and hence a general degradation of NASA's aeronautical research 
capability. 


Alternatives to NASA 

The workshop panels reviewed the possible alternatives to NASA for 
conducting aeronautical research and technology development. They con- 
sidered various collaborative practices for augmenting the capabilities 
of other organizations already engaged in aeronautical research in 
varying degrees, such as the aircraft manufacturers, the armed ser- 
vices, and the universities. None of these was thought to be wholly 
or even substantially a substitute for NASA. Indeed, that NASA and its 
predecessor NACA worked effectively and in harmony with the other 
aeronautical communities for two-thirds of a century was considered to 
be a major strength of the present arrangement. 

Of necessity, in considering the alternatives to NASA, the panels 
also addressed the manner in which the U.S. leadership in aeronautics 
had been attained. It turns out that NASA has provided a central tech- 
nological resource that the U.S. aircraft companies drew upon to com- 
pete against each other. Out of their competitive battles, the inef- 
ficient were eliminated and the stronger companies emerged with a col- 
lective industrial strength that has produced the superior products 
with which the U.S. gained its world market dominance. In fact, such 
domestic competition has been key in producing virtually all U.S. air- 
craft that have proven successful in world competition. 

The panels individually noted this catalytic role of NASA and its 
relationship to the U.S. industry's internal competition with the end 
result of product superiority. The emergence of a dominant manufac- 
turer into NASA's role or, to a lesser extent, cooperative or joint 
efforts between dominant manufacturers could impair the benefits 
derived from domestic competition. 

Substantial enlargement of the Department of Defense efforts in 
aeronautical research and technology development might enable it to 
become self-sufficient. But because the needs of civil aeronautical 
technology often diverge substantially from military aeronautical 
technology, civil aviation would not be well served by this approach. 

The question of separating the aeronautical capabilities from NASA 
and forming a new and separate government agency was not considered by 
the workshop panels. It was assumed that roles in research and tech- 
nology development would be no different if conducted by a separate 
government organization or by NASA. 

The workshop participants noted that following World War II all 
units of the aeronautical community made a strong effort to build up 
their aeronautical research facilities until the increasingly prohibi- 
tive expense resulting from unwarranted duplication and overlap forced 
change. The balance in effort among the participating members of the 
aeronautical community that the United States now enjoys has been 
forged over the decades of the 1950s, 1960s, and 1970s and has brought 
important benefits to the United States. 
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II. NASA'S FUTURE IN AERONAUTICS 


NASA'S ROLE IN AERONAUTICS RESEARCH & TECHNOLOGY DEVELOPMENT 


Each of the panels was asked to study in detail the proper role of 
NASA in its sector. NASA's possible activities s (1) acquiring and 
operating facilities and acquiring and maintaining expertise for aero- 
nautical research and technology development (National Facilities and 
Expertise); (2) providing new knowledge in the flight sciences 
(Research); (3) applying this knowledge to develop technology for air- 
craft in general (Generic Technology Evolution) and (4) for specific 
vehicle classes (Vehicle Class Technology Evolution); (5) demonstrating 
the feasibility of new technology for application to operational vehi- 
cles (Technology Demonstration); (6) validating the readiness of new 
technology for use (Technology Validation); (7) designing, developing 
and acquiring vehicles representative of a final production item (Pro- 
totype Development); and (8) operating vehicles and systems as research 
projects to determine the feasibility or practicality of aircraft 
systems operations to meet special needs (Operations Feasibility). The 
matrix shown in Figure 2 was developed to assist the panels in 
determining how NASA's roles vary among disciplinary categories. A 
detailed definition of the roles and disciplines shown in the matrix 
is provided in Section IV. 

Although the participants worked within a structure comprising five 
panels, certain themes and common trends resulted. There was agreement 
about the importance of U.S. aeronautics to the nation. NASA's most 
important contribution to all the fields of aeronautics has been, and 
will continue to be, in research and in technology development . NASA 
has a multi-billion dollar investment in some special, high-technology 
facilities and equipment. NASA also has first-class research and tech- 
nical talent at work in those facilities. Both the NASA facilities and 
the assembled expertise represent a national resource that cannot be 
duplicated by industry. NASA certainly must continue to carry out 
responsibilities that flow from this great facilities endowment and 
expertise . 

All the panels agreed that NASA should have a predominant role in 
Research and in Generic and Vehicle Class Technology Evolution . The 
Overview Panel noted that there had been an erosion of NASA's research 
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DISCIPLINES 



*lf a proposed project or program initially falls in a recommended moderate, minor, or no-role category, but, following 
review of its merits on an individual case basis, is deemed to be a desirable undertaking by virtue of its being in the national 
interest, or mandated by the Corsgress or as a result of review it is concluded there are other overriding circumstances, then 
NASA's role for that project or program would be elevated to a major one (i.e.. Category 1). 


FIGURE 2 Role/Discipline Matrix 


capabilities and recommended that NASA’s roles in basic research be 
strengthened . 

Research requires continuous direction of the best talent toward a 
more complete understanding of phenomena of concern to aeronautics. 
Failure to make the required investment in research will result in a 
depleted technology base a decade or more later. Similarly, a revita- 
lized research effort is not likely to lead to technologically signifi- 
cant results being applied in less than a decade. 

NASA needs to direct substantial effort to recruiting talented 
staff and directing them toward research careers . New ways should be 
sought to encourage university research directed toward aeronautics 
disciplines. The bridge that NASA provides from research by a govern- 
ment agency to the industrial application of the ensuing technology is 
unique in the annals of applied research in this country. 

A key issue before the workshop was how far NASA should go in tech- 
nology development. The participants agreed that NASA should have a 
predominant role in Research and Generic and Vehicle Class Technology 
Evolution. It was also clear that NASA should play a role in Techno- 
logy Demonstration and Technology Validation in specific cases when the 
potential benefits to be derived from the technology are judged to be 
high. In some cases full-scale test or experimental flight test is 
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required to obtain the data needed to evaluate a concept in order to 
carry technology to a point where the feasibility of applying it and 
realizing the benefits of its use in future vehicles can be determined. 
This can be considered an extension of the role of technology evolution 
when significant technical uncertainties regarding scale-effects or 
interactions between components remain. Examples of such beneficial 
programs include new technology to reduce fuel consumption, noise, and 
noxious exhaust emissions. The workshop unanimously recommended that 
NASA undertake Technology Demonstration and Technology Validation when 
the potential benefits to the country are judged to be high after a 
careful case by case review . 

One of the workshop participants from a non-aviation industry, 
while agreeing with the conclusion that NASA's roles in aeronautics 
should include Research, Technology Evolution, Technology Demonstration 
and Technology Validation, questioned the arguments given in support 
of NASA carrying aeronautical programs beyond the level of Technology 
Demonstration. This point is discussed further in the Report of the 
Panel on Transport Aircraft (Volume III). 

For the foreseeable future, it is recommended that the central 
thrust of NASA's roles in research and technology development be in 
the areas of aerodynamics, propulsion, and materials and structures . 
In the area of electronics, however, NASA should structure its role 
carefully. NASA can make important contributions in the area of con- 
trol systems for flight and propulsion (e.g. systems related to aero- 
dynamic and structural active controls), but its role in communications 
and navigation should remain minor. It is recommended that NASA struc- 
ture a strong role in the human factors area, particularly as it 

relates to flight safety, which is a field of overriding importance to 
aeronautics . Many of the technologies in which NASA has substantial 
expertise are related to safety, and it is recommended that NASA 

explore all of its roles and technical capabilities to provide a maxi- 
mum contribution to the improvement of safety in aeronautics . 

In each of the reports of the panels representing the different 
sectors of the aeronautics community, NASA's role was rated in differ- 
ing ways. The panel reports, as well as a special report on NASA's 
role in research, appear in their entirety in Volumes II through VI. 
Following are summaries of each panel's recommendations for NASA's 

roles as they pertain to the respective sectors of the aeronautics 

community. 

NASA'S ROLE IN MILITARY AERONAUTICS 


Innovative support to the Department of Defense (DoD) has always 
been an important role for NASA in aeronautics. Independently and on 
its own initiative, NASA conducts research of use to the military. 
Also, with no exchange of funds, NASA conducts tests for the DoD and 
DoD contractors in its own facilities and assists in the analysis and 
interpretation of data. Such development testing activity provides the 
DoD with independent and objective appraisal and affords NASA first- 
hand knowledge of the military's needs and insight into the problems 
associated with the application of new and advanced technology. This 
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cooperative relationship, with NASA's effort conducted within its own 
budget allocation, without DoD financial support, permits NASA to main- 
tain its essential independence and objectivity. The procedures for 
NASA's initiation, management, and oversight of such efforts are effi- 
cient, well-established, and should not be modified. 

The broad spectrum of military aeronautical missions results in a 
multitude of technology needs. Many of these are closely related to 
those of civil aeronautics, such as fuel economy, efficient structures, 
low-drag aerodynamic shapes, short take-off and landing, durable high- 
performance engines, and low operation and maintenance costs. Other 
requirements, however, are uniquely military, such as high maneuver- 
ability for fighter aircraft, survivability against defenses, hardening 
against blast and radiation, and special features for carrier-based 
airc raft. 

Figure 3 is the matrix of NASA's roles and associated disciplines 
in support of the aeronautical needs exemplified above. The Panel on 
Military Aviation considered Maintenance of National Facilities and 
Expertise, Basic Research, and Generic Technology Evolution in the 
fields of aerodynamics, structures and materials, and propulsion to be 
most important for NASA in providing technical support for the develop- 
ment of military aircraft and missiles. Essentially no role is 

recommended for NASA in Prototype Development and Operations Feasibil- 
ity for military aircraft and missiles, except in some cases as indi - 
cated by the superscripts and the special circumstances described in 
the footnote of the matrix. 


DISCIPLINES 


NASA ROLE CODE: 
1. Major Role 
* 2 . Moderate Role 
*3. Minor Role 
•- No Role 


ROLES 



NATIONAL FACILITIES & EXPERTISE 

1 

1 

2 

3 

2 

2 

RESEARCH 

1 

1 

1 

3® 

3 

2 

GENERIC TECHNOLOGY EVOLUTION 

1 

1 

1 

3® 

3 

2 

VEHICLE CLASS TECHNOLOGY EVOLUTION 

2® 

2 

s'* 

3® 

3 

3 

TECHNOLOGY DEMONSTRATION 

2 

2 

3*^ 

3® 

- 

3 

TECHNOLOGY VALIDATION 

2 

3= 

3*^ 

3® 

- 

- 

PROTOTYPE DEVELOPMENT 


- 

- 

- 

- 

- 

OPERATIONS FEASIBILITY 

- 

- 


- 

- 

- 


(a) But Code 'V for airlift 
and V/STOL 

(b) Extensive facility support 
(cl But Code '2* for airlift and 

supersonic cruise 

(d) But Code '2' for airlift. 
V/STOL. supersonic cruise, 
and fuel efficiertcy 

(e) But Code ‘2' for flight and 
ertgine controls 


•If a proposed project or program initially falls in a recommended moderate, minor, or no-role category, but, following 
review of its merits on an individual case basis, is deemed to be a desirable undertaking by virtue of its being in the national 
interest, or mandated by the Congress or as a result of review it is concluded there are other overriding circumstances, then 
NASA's role for that project or program would be elevated to a major one (i.e., Category 1). 


FIGURE 3 MILITARY AERONAUTICS Role/Discipline Matrix 
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Specifically, the panel recommended thatJ 

o NASA's role be strengthened in the disciplines of aerodynamics, 
structures and materials, and propulsion. Military endorsement 
for this role should not be limited to currently defined needs, 
since perceptions of future needs are often misleading and in- 
adequate. 

o NASA's role in support of DoD be limited in the disciplines of 
vehicle operations, human engineering, and that part of elec- 
tronics and avionics that does not bear directly on aerodynamic, 
structural, or propulsion design. 

o NASA's former leadership role in the acquisition and testing of 
experimental aircraft to explore the frontiers of flight be 
restored even in the absence of apparent specific military 
applications. NASA's contribution to this aspect of aviation 

has diminished, and it is a proper role for the agency. Such 
initiatives should be considered on an Individual basis for 
Implementation by NASA. 

o NASA's historical supporting role and current excellent working 
arrangements with the DoD in aeronautics be continued in program 
selection, management, technical cooperation, and data exchange. 

NASA'S ROLE IN TRANSPORT AIRCRAFT AERONAUTICS 

The Panel on Transport Aircraft concluded that NASA's selection of 
technology development programs needs to involve consideration of 
several judgmental factors. These include* the technical difficulty, 
the market constraints, the capital risk involved, the gestation 
period involved, the societal concerns, the extent of foreign competi- 
tion, and the profit potential of specific technological advances. 
The weight of each of these factors, when coupled with the recognition 
that industry resources are not available and the importance of the 
advancement to the nation, provide a basis for determining the extent 
of the role that NASA should play in a specific technological develop- 
ment. 

The need for U.S. Government support of aeronautical research and 
technology development is particularly important at this time in view 
of the technological improvements that appear possible for the next 
generation of transport aircraft, and the increased momentum of foreign 
competitors in moving new technology into product applications. Sub- 
stantial technological opportunities exist that are critically impor- 
tant to the future advancement of U.S. aeronautics. Assembling the 
body of knowledge to put such technologies into use frequently is a 
long-term effort. In notable cases NASA has fulfilled this vital 
function. It is recommended that NASA identify the most important 
areas of needed technology improvement and, when development time is 
likely to be long, assume the role of assembling a sufficient body of 
technical knowledge to allow the nation to make effective and timely 
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use of the new technologies . Development of composite primary struc- 
tures and technology enabling full use of active controls are two 
specific examples. Successful development and utilization of these 
technologies could provide the basis for world leadership in aeronau- 
tics by any of the major industrial nations. 

The importance of air transportation to the nation's economy, the 
contribution of transport aircraft manufacturing to the balance of 
trade, and the increase in foreign government-supported competition led 
the panel to conclude there may be valid reasons for NASA to have a 
role in the areas of Technology Demonstration and Technology Valida- 
tion, depending on the circumstances of each individual situation — 
e.g., in cases where the promise of societal benefits is great and 
technical risks are high. 

The panel's recommendations for NASA's role are summarized in the 
matrix shown in Figure 4. Specifically, the panel recommends that, 
without qualification, NASA play a major part in the first four roles 
(National Facilities and Expertise, Research, and both Generic and 
Vehicle Class Technology Evolution) with appropriate emphasis in all 
disciplines. In addition, if it is determined to be in the national 
interest, NASA play a part in the remaining four roles under the con - 
ditions noted in Figure 4, with each project considered on a case-by- 
case basis. 


DISCIPLINES 


NASA ROLE CODE: 
1. Major Role 
* 7 . Moderate Role 
*3. Minor Role 
*— No Role 


ROLES 



NATIONAL FACILITIES & EXPERTISE 

1 

1 

1 

1 

2 

1 

RESEARCH 

1 

1 

1 

1 

2 

1 

GENERIC TECHNOLOGY EVOLUTION 

1 

1 

1 

1 

2 

1 

VEHICLE CLASS TECHNOLOGY EVOLUTION 

1 

1 

1 

1 

2 

1 

TECHNOLOGY DEMONSTRATION 

^a.b 

^a.b 

j3.b 

^a.b 

2a, b 

^a,b 

TECHNOLOGY VALIDATION 





23 

1 * 

PROTOTYPE DEVELOPMENT 


ga.C 

33.C 

33,c 

33,c 

33, c 

OPERATIONS FEASIBILITY 

2a.d 


2a,d 

2a.d 

2a,d 

23,d 


NOTES: 

(a) When national interest dictates 

(b) Where components must be combined 
to evaluate the whole or where 
experimental flight testing is required 

(c) With Congressional approval 

(d) High risk • only way to evaluate 


•If a proposed project or program Initially falls in a recomrr>ended moderate, minor, or no-role category, but, following 
review of its merits on an individual case basis, is deemed to be a desirable undertaking by virtue of its being in the national 
interest, or mandated by the Congress or as a result of review it is concluded there are other overriding circumstances, then 
NASA's role for that project or program would be elevated to a major one fi.e.. Category t). 


FIGURE 4 AIR TRANSPORT Role/Discipline Matrix 
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NASA’S ROLE IN GENERAL AVIATION AERONAUTICS 


General aviation, including business aircraft and commuter air- 
lines, is a rapidly expanding segment of the air transportation 
industry. The U.S. general aviation industry makes a significant con- 
tribution to the nation's transportation system, economy, and 
employment, the foreign trade balance, and U.S. prestige abroad. Over 
90 percent of the international fleet of general aviation aircraft 
has been built in the United States. Currently, exports account for 
about 30 percent of U.S. general aviation production. 

U.S. prominence in general aviation, however, is being eroded by 
foreign manufacturers in a number of areas. The majority of orders 
for heavy business jets and commuter aircraft is now held by foreign 
manufacturers, and their market share is Increasing dramatically. 

An improved flow of technology from NASA to the nation's general 
aviation industry is essential if the United States is to maintain a 
strong world position in the field. The Panel on General Aviation 
considers it unlikely that the general aviation industry can generate 
the required technology by itself. NASA is most suited to carry out 
the necessary research and technology development for general aviation. 
It has the facilities, the proven expertise, and the endorsement of 
industry to execute this work. 

The panel decided that the current NASA research and technology 
effort is inadequate to provide the new technologies for general avia- 
tion on a timely basis, and would like to see NASA develop and imple- 
ment a research plan in support of general aviation requirements con- 
sistent with industry goals. 

As delineated in Figure 5, the panel recommends that NASA establish 
the leading role in basic research and technology development for gen- 
eral aviation . It strongly supported NASA roles in maintenance of 

National Facilities and Expertise, in Research, in Generic Technology 
Evolution, in Vehicle Class Technology Evolution, and in Technology 
Demonstration. 

The panel recommends a moderate role for NASA in Technology 


Validation but no 

role in Prototype 

Development and Operations 

Feasibility. The 

panel recommends 

NASA involvement in all 

disciplines, except 

for a minor role, if 

any, for NASA in the area of 


avionics . 

Specifically, the panel recommends that; 

o NASA aggressively pursue a technology program that focuses on 
improving fuel efficiency and aircraft safety to assure U.S. 
supremacy in general aviation. 

o NASA implement the role of leading the basic research and tech- 
nology development effort in general aviation up through Tech- 
nology Demonstration. 

o NASA prepare a plan of research and technology development, in 
association with the general aviation industry, for urgent im- 
plementation. 
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PROPULSION 



interest, or mandated by the Congress or as a result of review it is cortcluded there are other overriding circumstances, then 
NASA's role for that project or program would be elevated to a major one (i.e.. Category 1 1. 


FIGURE 5 GENERAL AVIATION Role/Discipline Matrix 


NASA'S ROLE IN ROTORCRAFT AERONAUTICS 

The Panel on Rotorcraft considers that research and the acquisi- 
tion, continued upgrading, and operation of unique facilities are 
primary roles of NASA. These basic aspects of the NASA effort must not 
be compromised by the expansion of NASA's role in other areas* 

The NASA role in Research is recommended by the panel to encompass 
all disciplines with the exception of that portion of avionics not 
related to flight control . Basic research in avionics is being ad- 
dressed by the communications industry. However, there are basic 
research areas in which NASA has much to offer. Examples are digital 
computer software architecture and validation techniques for flight 
control systems. 

Rotorcraft have unique requirements for research facilities. Under 
the terms of the Army/NASA cooperative agreement, NASA provides rotor- 
craft research facilities for use by the Army and NASA. NASA did an 
excellent job of building up such facilities during the 1970s, although 
some specific additions still are required (for noise and rotor icing 
research in particular). 

The panel recommends a NASA role in Generic Technology Evolution 
pertaining to all disciplines except those in the communications and 
navigation areas of avionics . The Federal Aviation Administration 
should have prime responsibility in communications and navigation. 
Even so, NASA may have a unique contribution to make in a specific 
field such as the extension of global positioning system technology to 


14 














precision navigation and flight control of rotorcraft. 

Technology Demonstration also is a recommended role for NASA in the 
rotorcraft sector . The complex synergistic Interaction of all disci- 
plines Involved in rotorcraft, the relative immaturity of rotorcraft 
technology, and the resultant paucity of technical data make it essen- 
tial that demonstration continue to be a key role for NASA in rotor- 
craft. Frequently, flight tests are the only way to verify research 
results and to demonstrate the applicability of new technology. 

Technology Validation (risk reduction) can be particularly critical 
for rotorcraft because of the complexity, component Interaction, and 
difficulty in predicting the effects of size. As civil rotorcraft 
continue to develop, their performance and operational requirements 
will diverge increasingly from those of the military, making it less 
feasible to use military prototypes to reduce risk in the use of new 
technology for civil rotorcraft. Some means of reducing the risk of 
incorporating and certifying new technology will be required if U.S. 
industry is to compete successfully in the worldwide civil rotorcraft 
market. A valuable role for NASA in validation, for example, would be 
to provide the data base to the FAA for the certification of new 
technology for the first user. This would ease the task of certifica- 
tion for later users. However, implementation of this role should not 
be allowed to have a significant adverse impact on NASA's basic 
research responsibilities. In view of this, the panel recommends a 
NASA role in Technology Validation only when ; 

o the work can be accomplished without reducing its role in funda- 
mental and applied research, 

o it is determined that NASA is the best agency for the task, and 

o there is wide consensus as to the value and broad application 
of the results. 

Prototype Development for rotorcraft is not a recommended role for 
NASA . Industry must assume the risks of prototype development for the 
civilian rotorcraft market, and the Department of Defense should con- 
tinue its normal practice of sponsoring prototype development of mili- 
tary equipment. 

Operations Feasibility is considered by the panel as a subset of 
Technology Demonstration. Whether or not it is a role for NASA depends 
upon whether the interaction of the rotorcraft with the environment in 
which it operates introduces significant uncertainty concerning the 
practicality or readiness of new technology. 

It is recommended that NASA undertake Operations Feasibility when 
it is a key issue for the acceptance of a new concept and then only in 
close cooperation with and in support of the user . This is likely to 
be the case with unusual or unique aircraft systems or aircraft config- 
urations when their efficient integration into an operational situation 
can be a critical factor. The panel also envisioned a supportive role 
for NASA in an operations feasibility demonstration of composite 
materials, or technology in which human factors are critical. 
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Recommendations concerning the roles for NASA in rotorcraft aero- 
nautics are summarized by discipline in Figure 6. 

NASA'S ROLES IN ENGINEERING EDUCATION 


NASA operates some of the best research facilities in the world. 
These could be used in cooperation with universities to help allay a 
prospective shortage of engineers with advanced degrees. There is 
presently a shortage of engineers at the doctoral level as a result of 
a steady decline in the number of engineering doctoral degrees awarded 
by U.S. universities during the 1970s. Furthermore, about half of 
today's doctoral candidates in aerospace engineering are foreign 
nationals. This portends a future shortage of research workers for the 
nation's aeronautical and related industries and for NASA research 
centers. Moreover, an ensuing competition for graduates with advanced 
degrees may adversely affect the composition of engineering school 
faculties and thereby exacerbate the problem. The current shortage of 
faculty members with doctorates in U.S. engineering schools can only 
worsen unless corrected by making graduate engineering education more 
attractive to the best American undergraduates. In the 1960s, NASA 
instituted an academic fellowship program that was successful in 
helping in this regard. NASA is encouraged to explore this approach 
again, as well as others that might contribute to the solution of the 
problem of decreasing numbers of talented U.S. graduate students in 
science and engineering related to aeronautics. 



*lf a proposed project or program initially falls in a recomrr>ended moderate, minor, or no*role category, but, following 
review of its merits on an individual case basis, is deemed to be a desirable undertaking by virtue of its being in the national 
interest, or marxJated by the Congress or as a result of review it is concluded there are other overriding circumstances, then 
NASA's role for that project or program would be elevated to a major one (i.e.. Category 1 ). 


FIGURE 6 ROTORCRAFT Role/Discipline Matrix 
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The workshop participants recommend that NASA explore means of con- 
tributing to the solution of the problem of decreasing numbers of 
talented U.S. graduate students In science and engineering related to 
aeronautics. 


NASA'S ROLE IN INFORMATION DISSEMINATION 


NASA's preeminence in aeronautical science and technology is recog- 
nized worldwide. Not only do many nations frequently use NASA data, 
but more recently they have been structuring government agencies in 
their countries to emulate NASA's operations. NASA's technological 
information flows freely to other nations. Other nations are more 
restrictive with their technological Information. The workshop parti- 
cipants, recognizing the problem of worldwide technological competition 
in aeronautics, held varied opinions about the outward flow of research 
information. Some concluded that the United States should delay the 
flow of technological information considered critical to maintaining 
aeronautical leadership; others held that instead of delaying the dis- 
semination, greater emphasis should be placed on continuing, and 
expanding if necessary, the effort to stay substantially ahead of other 
nations in aeronautical research and development. All agreed that NASA 
should ensure that the results of research and new technology develop- 
ments should be disseminated to U.S. industry as early as possible. 
The distribution of such data to U.S. users at an early date prior to 
dissemination to foreign users is an option that is appropriate for 
many situations. Also, it was concluded that a focal point is needed 
to receive and assemble information about foreign technological advan- 
ces and disseminate it to the U.S. aeronautical community. Therefore, 
it is recommended that NASA ensure that the results of research and new 


technology 

developments are disseminated to prospective U.S. users 

prior to the dissemination of i 

such 

information to foreign users and 

that NASA 

become a focal point 

to 

receive Information about foreign 

technological advances, assemble 

it 

into a usable form, and disseminate 


it to the U.S. aeronautical community . 

NASA performs an important and irreplaceable function as a result 
of its research roles. Research results are of great and common value 
to the several sectors of the aeronautical community, and, by bringing 
together technological data from all of these sectors and by communi- 
cating this information to appropriate users, NASA increases the ef- 
fectiveness of the total U.S. aeronautical research and development 
effort. Therefore, it is recommended that NASA continue to serve in 
the role of conducting aeronautical research that is broadly applica- 
ble, coordinating data from various sectors of the aeronautical commun- 
ity, and serving as a focal point for the dissemination of related 
Information . 

NASA's research and technology development efforts should be 
devoted to issues related to aeronautics and space. Broadening NASA's 
research capabilities to include work on technological problems in non- 
aerospace areas can seriously weaken NASA's ability to maintain a high 
level of effort in aeronautics. The workshop recommends that, in ap- 
propriate situations, NASA undertake a role in providing technical 
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information that can be applied to solving aeronautical problems facing 
other government agencies, but that NASA not extend further its role 
in research and technology development Into fields other than aeronau- 
tics and space . 

NASA'S ROLE WITH OTHER ORGANIZATIONS 


Clearly, NASA is not the only contributor in the areas of aeronau- 
tical science and engineering. NASA works in partnership with the 
Department of Defense, the Department of Transportation, the Federal 
Aviation Administration, the universities, and the aircraft and 
airline industries. The NASA relationship with the aviation industry 
is particularly important in light of the current discussions about 
the needs and methods for strengthening relationships between the U.S. 
Government and all industries as a means of encouraging innovation, 
improving productivity, and retaining or increasing employment levels. 

The complexities of adapting new science and technology in aeronau- 
tics to the solution of problems of society increasingly have involved 
more government agencies in aeronautical technology matters. For 
example, the Department of Agriculture and the U.S. Forest Service are 
interested in improvements in safety and efficiency of aircraft used 
for the aerial applications of pesticides and fertilizer. The Depart- 
ment of Energy is making use of NASA's extensive experience in thermo- 
dynamics, energy transfer, and fluid dynamics in the search for alter- 
nate sources of energy. NASA has done work in synthetic fuels that 
relates to the present responsibilities of DoE, and the results of 
NASA's work to improve aircraft energy efficiency are applicable to DoE 
conservation efforts. Similarly, there are long-standing interrela- 
tionships between NASA and the present National Oceanic and Atmospheric 
Administration in the collection and dissemination of weather data, as 
well as in research on techniques for increased automation of weather 
data collection, dissemination, and display. Such NASA research is 
also of interest to the FAA. 

The cooperative and synergistic working relationships forged by 
NASA have been central to the success of U.S. aeronautics and could 
well serve as an example for other fields. 


CURRENT AND FUTURE PROBLEM AREAS 


The decade of the 1980s is likely to be characterized by new aero- 
nautical opportunities and by problems with shifting priorities among 
them. Typical of the latter are the four problem areas listed below. 
None of them are new, and each has become more significant than it has 
been in the past. These dominant problems were continuously in the 
minds of the workshop participants. Each problem is subject to treat- 
ment within the roles for NASA that are recommended by the workshop. 
Government action is essential to their solution and is urgently 
recommended . 

The four specific problems are* 

o Increasing costs and decreasing supplies of petroleum demand 
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strenuous efforts toward the development of maximum efficiency 
in the use of aircraft fuel; 

o Engine noise and emissions control remain critical elements 
in aeronautical design and operations, as dictated by national 
concerns for improving the quality of life; 

o Air traffic congestion, particularly in the vicinity of air- 
ports, in metropolitan areas, is a serious concern, with 
potentially profound effects for the aeronautical community; 
and, 

o Uncertainties regarding the adequate supply of critical 
materials for aeronautical alloys dictate the development of 
effective substitutes. 

While the workshop participants recognized that NASA is aware of 
and has done significant work in these areas, the critical nature of 
these problems is heightened by foreseeable forces in the 1980s. In 
view of this, it is recommended that NASA increase its attention to 


these critical 

problem areas and 

periodically assess its roles 

to 

ensure that its 

efforts in these 

areas are effectively meeting 

the 


needs . 
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III. SUMMARY OF CONCLUSIONS AND RECOMMENDATIONS 


The workshop concluded that if the United States is to continue to 
reap the economic benefits of a strong civil aeronautical program and 
to have the security of a strong national defense, it must reaffirm its 
historical commitment to preeminence in aeronautical technology. 

The conclusions and recommendations that follow were developed by 
the workshop participants as a whole. Other conclusions and recommen- 
dations specific to the various aeronautical community sectors, as 
represented by the panels, are contained in the separate panel reports 
and are summarized in Section II. 

The following conclusions and recommendations are numbered for ease 
of reference and are not listed in any order of priority: 

1. Conclusion ; The U. S. has a multi-billion dollar investment 
in some special, high-technology facilities and equipment at 
NASA research centers. NASA has assembled first-class research 
and technical talent at these facilities. Both the NASA facil- 
ities and the assembled expertise represent a national resource 
that cannot be duplicated by industry. Accordingly, NASA needs 
to continue to carry out its responsibilities in research and 
technology development that flow from its great endowment of 
facilities and expertise. 

Recommendation : NASA expand and upgrade its facilities and 

technical personnel so that the United States can keep pace 
with the changes and opportunities afforded by the current 
status of aeronautical research and technology development. 

2. Conclusion i NASA's most important contributions to all fields 
of aeronautics have been and will continue to be in the areas 
of research and technology development. 

Recommendation : NASA strengthen its efforts in the roles of 

Research, Generic Technology Evolution, and Vehicle Class Tech- 
nology Evolution. 

3. Conclusion : The central disciplinary areas pioneered by NASA — 

i.e., aerodynamics, materials and structures, and propulsion — 
are certain to be important areas of research for the future. 
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Each is of long-term importance to U.S. aeronautics. Although 
progress in these fields continues, there is a general deteri- 
oriation in U.S. capabilities relative to active foreign com- 
petition. NASA has a continuing responsibility that flows from 
its facilities endowment and great expertise for conducting 
programs in these areas. 

Recommendation ; NASA strengthen its roles in the disciplinary 
areas of aerodynamics, materials and structures, and propulsion 
to ensure U.S. leadership in these areas. 

4. Conclusion ; Substantial technological opportunities exist that 
are critically important to the future advancement of U.S. 
aeronautics. Assembling the body of research knowledge that 
enables advanced technologies to be applied to products is 
frequently a long-term effort. In notable cases, NASA has 
fulfilled this vital function. 

Recommendation ; NASA Identify the most important areas of 
technological advancement and, when development time is likely 
to be long, assume the role of assembling a sufficient body of 
technical knowledge to enable U.S. industry to make effective 
and timely use of the new technologies. The development of 
composite primary structures and technology for the full use 
of active controls are two specific examples. Successful 
development and utilization of these technologies could 
provide the basis for world leadership in aeronautics by any 
major industrial nation. 

5. Conclusion ; Some research results and new technology require 
full-scale tests or experimental flight tests to obtain the 
data to evaluate a concept or to reach a final conclusion. It 
is important that NASA play a role in demonstrating the 
feasibility and validating the technical readiness of new 
components and system concepts. Such work is a necessary 
extension of the role in the evolution of technology when 
significant technical questions remain regarding the 
feasibility of a concept, or because of uncertainties 
regarding scale effects or interactions among components. The 
work should be undertaken by NASA when the potential benefits 
of using the technology are judged to be high. Examples of 
such programs Include new technology to reduce fuel consump- 
tion, engine noise, and noxious exhaust emissions. 
Recommendation ; NASA undertake a role in Technology Demons- 
tration and Technology Validation projects when the potential 
benefit to the country is judged to be high, after review and 
careful consideration of each individual case. 

6. Conclusion ; The acquisition and testing of experimental air- 
craft to explore the frontiers of flight in promising though 
unproven areas is a proper role for NASA. In the past, NASA's 
experimental aircraft programs have been Important to the 
nation's development of new aircraft. In recent years, 
experimental aircraft programs have diminished in number. 
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Recommendation ; NASA renew its leadership role in the 

acquisition and testing of experimental aircraft. 

7. Conclusion; Safety is a field of overriding importance to 
aeronautics. Many of the technologies in which NASA has sub- 
stantial capability are related to safety. 

Recommendation ; NASA examine all its roles and technical 

capabilities with the view to maximizing its contributions to 
the Improvement of safety in aeronautics. 

8. Conclusion ; Human factors will play an increasingly important 

role in the areas of aviation safety and operational effective- 
ness. NASA has capabilities in the area of human factors 

research that have contributed to U. S. aeronautics. However, 
NASA's contributions in human factors research have been 
stronger in the large transport aircraft sector than in other 
sectors of the aeronautical community. 

Recommendation ; NASA develop its technological competence in 
human factors and expand its efforts, particularly as they 
relate to flight safety, and apply its capabilities to the 

general aviation and rotorcraft sectors. 

9. Conclusion ; Electronics will play an increasingly important 

role in the development of aeronautics in the future. In some 
areas of electronics, such as control systems for flight and 
propulsion, NASA has had an important role; in others, such as 
communications and navigation, NASA's role has been minor. 
Recommendation ; NASA continue to be selective in structuring 
its role in electronics. NASA should strengthen its role in 
areas of electronics that could benefit from its special 
expertise and experience as well as in those areas of 

electronics that are not being addressed adequately by other 
sectors of the aeronautics community. 

10. Conclusion ; At present, an Insufficient number of talented 

students is pursuing graduate degrees in engineering and 

science to meet the needs of industry, university faculty, and 
the government. 

Recommendation ; NASA explore means of contributing to the 

solution of the problem of decreasing numbers of talented U.S. 
graduate students in science and engineering related to aero- 
nautics. 

11. Conclusion ; Although NASA has clearly indicated that it bases 
its research and technology development programs on the needs 
of the different sectors of aeronautics, an appropriate balance 
among the several sectors has not been achieved. Historically, 
the military sector and the large transport aircraft sector 
have received far more NASA attention than have the general 
aviation and rotorcraft sectors of the aeronautical community. 
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Recommendation; NASA make a special effort to achieve 
appropriate balance in responding to the different and 
changing opportunities and needs of all sectors of the 
aeronautical community. 

12. Conclusion ; NASA performs an Important and irreplaceable 
function by doing research that is of common value to the 
several sectors of the aeronautical community, by bringing 
together technological data bases from all of these sectors, 
and by communicating this information to appropriate users. 
This synergism serves to increase the effectiveness of U.S. 
aeronautical research and development efforts. 

Recommendation ; NASA continue to serve as a focal point 

for the development of technology data bases — i.e., conducting 
aeronautical research that is broadly applicable, coordinating 
data from the various sectors of the aeronautical community, 
and serving as a source and disseminator of related informa- 
tion. 

13. Conclusion ; The complexities of adapting new science and 
technology in aeronautics to the solution of various problems 
in U.S. society have increasingly involved more government 
agencies in aeronautical technology matters. For example, the 
Department of Energy is concerned with aviation fuel usage, and 
the Environmental Protection Agency is involved in aircraft 
noise and emission problems. NASA's technological capabilities 
in aeronautics are applicable to such matters. However, NASA's 
technological resources should be devoted solely to issues 
related to aeronautics and space. Diverting the focus of NASA 
to technological problems in non-aerospace areas will seriously 
weaken NASA's fine aeronautical and space efforts. 
Recommendation ; NASA establish a role In providing technical 
information that can be applied to the solution of problems of 
concern to other government agencies, but NASA should not 
extend its role in research and technology development into 
fields other than aeronautics and space. 

14. Conclusion ; NASA's preeminence in aeronautical science and 
technology is recognized worldwide. Not only do other nations 
frequently use NASA data, but more recently they have been 
structuring centers and institutes to emulate NASA's type of 
activities. NASA's technological information flows freely to 
other nations. Other nations, however, are more restrictive 
with their technological information. With respect to the 
worldwide technological competition in aeronautics, the work- 
shop participants held varied opinions; some concluded that 
the United States should delay the flow of technological infor- 
mation considered critical to maintaining aeronautical leader- 
ship; others held that rather than delay the dissemination of 
research information, it is more effective to continue, and 
expand if necessary, the effort to stay ahead of other nations 
in aeronautical research and development. 
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Recommendation ; NASA ensure Chat, in appropriate situations, 
the results of research and new technology developments are 
disseminated to U.S. users prior to dissemination to foreign 
users. In addition, NASA undertake to become a focal point Co 
receive information about foreign technological advances, 
assemble it into a useable form, and disseminate it to the U.S. 
aeronautical community. 

15. Conclusion ; Clearly, NASA is not the only contributor in the 
areas of aeronautical science and engineering. NASA works in 
partnership with the Department of Defense, the Department of 
Transportation, the Federal Aviation Administration, the air- 
craft and airline industries, and the universities. The coop- 
erative and synergistic working relationships that NASA has 
forged have been central to the success of U. S. aeronautics. 
Recommendation : NASA continue its role and relationship in 

aeronautics with industry, universities and other government 
agencies as an exemplary procedure for effectively interacting 
with the private sector. 
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IV. DEFINITIONS OF ROLES AND DISCIPLINES 


To facilitate the task undertaken by the participants in the ASEB 
workshop, a series of definitions of possible roles for NASA was 
developed. The roles represent steps in the hierarchy of the research 
and development process, beginning with a desire for knowledge and an 
understanding of basic phenomena, an idea, or technical concept, and 
ending with the design and construction of a vehicle, a vehicle compo- 
nent, or a new operational system. 


Definitions of Possible Roles for NASA 

Each of the following eight roles as defined by NASA was reviewed 
by the participants, and the panels considered the extent to which NASA 
should carry out these roles. 

National Facilities and Expertise 


This category comprises the development and maintenance of test 
facilities, including wind tunnels, simulators, and computers, as well 
as the maintenance of personnel with specialized skills, technical 
knowledge, and expertise in the field of aeronautics. 

Research 


Programs in this category are designed to gain basic knowledge and 
understanding of physical phenomena and processes in all discipline 
areas relevant to aeronautics. The work is fundamental in character 
and is performed within NASA, at universities, in industry, and by 
independent research organizations. 

Generic Technology Evolution 


This category involves the pursuit of the results of specific lines 
of basic research that show promise of generating technology broadly 
applicable to a number of classes of vehicles. The work is evolution- 
ary in nature and leads to the continued advancement of technology. 
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Such advances generally precede focused technology development in sup- 
port of specific vehicle class needs. The work is conducted primarily 
within NASA, with appropriate university and industry support. 

Vehicle Class Technology Evolution 


NASA programs in this category concentrate on specific vehicle 
classes and on the preparation of the unique technology data base 
required to Improve the design and development of certain classes of 
aircraft. Activities include generating and evaluating new concepts 
and configuration approaches for the vehicle classes. Examples include 
V/STOL and supersonic cruise vehicles. In both cases, the technologies 
unique to those classes of aircraft are examined with regard to design 
feasibility, benefits, costs, etc. Then tailored data bases are 
developed. 

Technology Demonstration 


This category includes programs that are conducted to demonstrate 
the technical feasibility of a technology advance or concept. Activi- 
ties may Include flight testing and component or systems demonstra- 
tions. Specific examples in the current NASA program arej Tilt-Rotor 
Research Aircraft, Energy Efficient Engine, Quiet Short-Haul Research 
Aircraft, and Terminal Configured Vehicle. Future modifications and 
tests on an aircraft to demonstrate the feasibility of Laminar Flow 
Control and flight tests of an Advanced Turboprop would be included in 
Technology Demonstration. 

Technology Validation 


This comprises programs that include large-scale ground or flight 
validation as a necessary step to assure technology transfer. The 
purpose is to make possible, with minimal risk and without additional 
technology development, the practical utilization of high-benefit, 
high-risk conceptual, component, or subsystem technology advances. 
Specific examples in the present NASA program ares Composite Primary 
Aircraft Structure (CPAS), Materials for Advanced Turbine Engine 
(MATE), and Engine Component Improvement (ECI). 

Prototype Development 


This category consists of design, development, construction, and 
testing of an aircraft, engine, or system that is sufficiently repre- 
sentative of a planned final product to serve as a production proto- 
type. An example of such a program for the civil sector would be the 
supersonic transport (SST) program conducted by the FAA during the 
1960s. Current NASA programs do not include any prototype develop- 
ments, and none is currently planned. 
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Operations Feasibilit y 

This refers to operations conducted as research directed toward 
evaluating the feasibility or practicality of aircraft system opera- 
tions to meet special needs or requirements or to demonstrate that a 
total, integrated operational system (e.g., new aircraft or simulated 
new aircraft, advanced integrated flight systems, approach and landing 
techniques, wake vortex alleviation, etc.) provides a service or bene- 
fit. The economic, environmental, and/or social aspects are consid- 
ered . 


Definitions of Disciplines 

To assist in understanding the material summarized in Sections II 
and III, brief definitions of the discipline areas are provided. 

Aerodynamics 


Aerodynamics is the science dealing with the motion of air and 
other gases and with the effects of such motion on objects moving 
through such media. 

Structures and Materials 


This is the portion of aeronautical research and technology devel- 
opment dealing with the design of structures (the part of the air- 
craft, missiles and/or their components whose function is to carry 
loads in the broadest sense) and the materials used in aircraft and 
missile construction. 

Propulsion 


This disciplinary heading includes the part of aeronautical 
research and technology development relating to the various methods 
and systems for generating and delivering power for propelling and/ 
or lifting aircraft and missiles. 

Electronics and Avionics 

Electronics refers to that aircraft and missile electrical equip- 
ment that is required for the basic operation of the vehicles — 
e.g., flight and engine controls. Avionics means the electrical 
equipment used for mission functions, such as air-to-ground com- 
munications and navigation. In military aircraft and missiles, the 
latter category includes offensive and defensive equipment and 
weapons control systems. 

Vehicle Operations 


This area deals directly with operational problems encountered by 
aircraft and missiles, such as icing, detection and dissemination 
of weather information, and air traffic control systems. 
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Human Engineering 


This discipline addresses the study of human capabilities and 
problems that occur at the interfaces between the crew and the 
aircraft. It includes work on and use of simulators, crew work- 
load studies, and studies of the optimization of cockpit instrumen- 
tation and controls. 
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APPENDIX A 


THE EVOLUTION OF NACA/NASA IN AERONAUTICS 


In 1915, the National Advisory Conimittee for Aeronautics (NACA) was 
established by Congress to "...supervise and direct the scientific 
study of the problems of flight with a view to their practical solu- 
tion . " 

Accordingly, early emphasis was placed on scientific study, and the 
challenging new field of aeronautics attracted many gifted engineers 
and scientists to NACA. The Committee's laboratory at Langley Field 
became the national center of scientific aeronautical information, 
generating advanced work through theoretical studies, ground facility 
tests, and flight experiments. Studies and basic research there 
yielded much of the early theory in aerodynamics, propulsion, light- 
weight structures, and flight loads, which proved necessary for better 
understanding of "the problems of flight." Through the years, NACA, 
and later the National Aeronautics and Space Administration (NASA), 
expanded and enhanced its role in basic Research and Technology (R&T). 

The NACA aeronautical laboratories at Ames and Lewis were estab- 
lished during the years preceding the entry of the United States into 
World War II. The Lewis Aircraft Engine Laboratory put the NACA 
squarely into the business of propulsion research and technology 
development which, prior to 1941, had been under the cognizance of the 
National Bureau of Standards. Both the Lewis laboratory and the Ames 
laboratory were placed close to centers of the aviation industry in 
recognition of the twofold purpose of serving the industry and learning 
from it. 

During World War II, NACA, the military, and the industry worked 
as an effective, closely knit team. NACA concentrated on military 
technology needs. Virtually all new military airplanes were tested by 
NACA. Priority was given to developing solutions to specific problems 
such as stability and flight control, drag, high-lift systems, engine 
cooling, and engine performance. As a second priority, NACA continued 
to conduct a variety of research projects directed at possible future 
military needs. During this period, the synergism of day-to-day mili- 
tary problem-solving activities and in-house research proved extremely 
effective. Each clearly benefited from the other. 

The war exposed problems related to the effects of air flow com- 
pressibility at high speeds. Subsequent research led to a better 
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understanding of compressible flows and means of avoiding or delaying 
the onset of compressibility phenomena. Foreign data acquired after 
the war, combined with the knowledge generated in the United States and 
the newly available jet engine, raised the hope of achieving practical 
supersonic flight. Because existing ground test capabilities were far 
from adequate, NACA undertook new, more sophisticated, and therefore 
more costly experimental programs. These included the high-speed 
research airplane program, the pilotless aircraft research program, and 
the construction of new transonic/supersonic wind tunnels. 

To evaluate different designs for supersonic flight, a series of 
research airplanes — from the X-1 through the X-5, the D-558, and XP-92 
— were developed, beginning in the mid-1940s. These permitted the 
investigation of straight, swept, and delta wing configurations. The 
speed with which such research aircraft were developed was due, in 
large part, to a continuation of the successful cooperative effort of 
NACA, the military, and industry established during the war years. 
NACA provided the technical support during development, conducted the 
research analysis, and reported the results; the Air Force and the Navy 
provided procurement, management, and funding; and industry constructed 
the airplanes. NACA and the military shared flight operations at the 
newly established NACA High Speed Flight Center (now the Dryden Flight 
Research Center). Although NACA became somewhat more involved in 
flight operations and flight research during this period, the programs 
involved no fundamental change in NACA's role. 

The technology derived from these and other post-World War II 
ground and flight research programs was applied to the development of 
new military aircraft. In the mid-1950s, the industry began active 
exploitation of the new technology for civil transports. Later in 
this period, the X-15 was added to the research airplane series and 
several Vertical Take-Off and Landing (VTOL) and Short Take-Off and 
Landing (STOL) airplanes were developed under military contract and 
made available to NACA for research flight programs. 

In a parallel development. Congress passed the Unitary Plan Wind 
Tunnel Act in 1949. This provided for a family of wind tunnels (sub- 
sonic to supersonic) at Ames, Langley, and Lewis. The tunnels were 
constructed for the primary purpose of "development support." They 
contributed a base for a complex of facilities that are not only unique 
in the nation but probably the best, in general, in the world. Later, 
the transonic aerodynamics facilities were developed at Langley. The 
facilities are not all that are unparalleled; the personnel who operate 
them and analyze the data also are unique simply by virtue of their 
intimate and extensive experience with the facilities and their knowl- 
edge about and access to the research data collected. While many of 
the facilities are used to perform tests on specific aircraft and 
missiles, they are extremely valuable for research. 

NACA was assimilated into the National Aeronautics and Space Admin- 
istration (NASA) under the National Aeronautics and Space Act of 1958. 
The Act states that the aeronautical activities of the United States 
government shall be conducted so as to contribute materially to one or 
more of the following objectives: 
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o Expanding human knowledge of phenomena In the atmosphere; 

o Improving the usefulness, performance, speed, safety, and effi- 
ciency of aeronautical vehicles; 

o Preserving the role of the United States as a leader in aeronau- 
tical science and technology and the application thereof to con- 
duct peaceful activities within and outside of the atmosphere; 
and 

o Making available, to agencies directly concerned with national 
defense, information about discoveries that have military value 
or significance, as well as providing appropriate civilian agen- 
cies with all information and discoveries that have value and 
significance to such agencies. 

In the early 1960s, NASA undertook support of the proposed U.S. 
supersonic transport (SST) program. Research was conducted at the 
various centers; study contracts were let to the primary aircraft and 
engine manufacturers; and support was given to the Federal Aviation 
Administration in the evaluation of contractors' proposals. 

In 1968, NASA conducted a series of in-house studies primarily 
oriented toward civil transports. The studies were intended to support 
the U.S. transport aircraft and engine manufacturing industries with 
the timely availability of new technology. The studies explored long- 
haul subsonic and supersonic transports and short-haul subsonic trans- 
ports (VTOL and STOL). With the guidance of review panels made up of 
representatives of NASA, FAA, and industry, the course of the work 
gradually changed. Eventually, the original concept of developing 
research prototypes was eliminated in favor of emphasizing the develop- 
ment of advanced technologies and developing and testing their appli- 
cations. 

Experimental aircraft developed during this period included the 
Quiet Short-Haul Research Aircraft (QSRA) , the Rotor Systems Research 
Aircraft (RSRA), the Tilt-Rotor Research Aircraft, and the Quiet 
Nacelles for Long-Haul Aircraft. Modifications of existing aircraft 
were made to flight test laminar flow control, wings with augmented 
lift, supercritical wings, and fly-by-wire control systems. Experi- 
mental engine programs were initiated, including the Refan and Quiet 
Engine Programs for reducing engine noise; the Quiet, Clean, Short-Haul 
Experimental Engine (QCSEE) Program; and the Quiet, Clean General 
Aviation Turbofan (CGAT) Program. 

In such instances, the hardware was used to test concepts. No 
prototypes were developed. The experimental aircraft were intended to 
facilitate collecting technical data, as well as to accelerate trans- 
fering the data to industry for production applications. However, the 
experimental engine programs did extend NASA's traditional role in 
aeropropulsion technology from research efforts on engine components 
to support of the design and testing of complete engine systems. 

During the mid-1960s, NASA also accelerated its research on the 
basic sources of jet engine noise and the reduction of noise levels and 
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engine emissions. This effort was an example of research into areas 
of public concern. Thus, NASA fulfills a unique role when research and 
technology development are required for the public good in areas where 
there is little or no potential profit to motivate the private sector. 

The extension of NASA's role in aeronautics was again accelerated 
when the Aircraft Energy Efficiency Program (AGEE) was established in 
1975. AGEE grew out of increasing national concern about the rising 
cost and decreasing availability of fuel after the Arab oil embargo of 
1973-1974, and their implications for continued U.S. leadership in air 
transportation. The AGEE program was developed by NASA in response to 
a request from the Senate Gommittee on Aeronautical and Space Science 
for programs aimed at improving the energy efficiency of transport 
aircraft. 

Through the AGEE program, NASA is funding technology advances 
leading directly to product improvements in propulsion in the Engine 
Component Improvement (ECI) program and in airframes in the Energy 
Efficient Transport (EET) program. Thus, NASA is also funding industry 
for work to improve existing airframes and engines in order to 
expedite fuel conservation until new airplanes or engines can be 
designed and built. 

In the Energy Efficient Engine (E^) program of AGEE, NASA is 
funding parallel efforts by the two major domestic engine manufacturers 
to design, develop, build, and test advanced engine components to 
establish a technology base for the next generation of turbofan air- 
craft engines. By providing support through the proof-of-concept phase 
to reduce technical risk, NASA encourages early commitment by engine 
manufacturers to the large investments required for engine development. 

In the Composite Primary Aircraft Structures (CPAS) program, NASA 
has funded the large transport airframe contractors to design and test 
raedium-to-large structural aircraft components manufactured from light- 
weight composite materials. This effort also includes field service 
evaluation and aid in meeting regulatory standards. The prime objec- 
tive is to accelerate the needed research so that the industry can 
adopt composite materials in new aircraft. 

NASA's role in 1980 has evolved from the "scientific study” empha- 
sis of the 1915 NACA legislation to includes 

o National Facilities and Expertise; 

o Research; 

o General Technology Evolution; 

o Technology Demonstration; and 

o Technology Validation. 

NASA is a different organization than NACA. It is not governed by 
a committee structure, although it does continue to rely greatly on its 
advisory committee. In the course of its development, NASA has been 
preoccupied with the space program, and this mission continues today. 
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Fortunately, like the old NACA, NASA Is still an independent agency, 
and it still has no regulatory role. 

NASA fulfills a unique and vital role in support of U.S. aeronau- 
tics, and, because NASA serves both military and civil aviation, the 
maximum utilization of scarce facilities and skilled manpower is 
ensured. 

The partnership that now exists between NASA, the aeronautics 
Industry, and the DoD has evolved over two-thirds of a century. It is 
a unique working relationship that is an exemplary procedure for 
effectively interacting with the private sector. It started when 
aviation was in its infancy and has evolved to its present state as 
the discipline expanded and matured. It would be difficult to create 
such a relationship between the government and a mature industry. 


NASA Capabilities 

NASA research capabilities depend on the size and quality of its 
research staff, the research facilities available to this staff, and 
the funds available to support research efforts. 

Research Staff 

Figure A-1 shows NACA/NASA aeronautics manpower during the past 60 
years. The chart displays the peaking that occurred during and after 



FIGURE A-1 NACA/NASA Aeronautics Manpower History 


World War II. Following the creation of NASA in 1958, a sharp drop in 
aeronautics manpower occurred because of the agency's important new 
responsibilities for the space effort. A full-blown and well-funded 
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space program resulted in significant diversions of manpower and 
managerial attention and emphasis to this activity. Aeronautical 
research in the United States suffered in consequence. Moreover, the 
NACA subcommittee structure, which had been functioning effectively, 
was abolished, and a new organizational structure was created. 

The decline which began in the late 1950s was followed by a build- 
up beginning in 1964, and today the manpower level is approximately 64 
percent of the World War II peak. However, the portion of NASA's 
aeronautics manpower engaged in research has fallen by 44 percent. 
Recently, this staff has been aging at a rate of one-half year per year 
because of the low replacement rate of retirees. 

Research is placed with universities and industry under contract, 
and this has helped mitigate a potentially disastrous situation. The 
increased use of such contract efforts has resulted in higher dollar 
expenditures without a corresponding increase in NASA manpower. 

Facilities 


There are four NASA research centers concerned primarily with 
aeronautical research. These are the original NASA center, the Langley 
Research Center in Hampton, Virginia, dedicated in 1920; the Ames 
Research Center in Northern California; Dryden in Southern California; 
and Lewis, the propulsion research center near Cleveland, Ohio. 

Table 1 shows the distribution of personnel and funding among these 
centers, and Table 2 summarizes the functions performed at each. 

The development and operation of experimental facilities always 
have been major tasks of NACA and NASA. Indeed, the NASA facilities 


TABLE 1 NASA Aeronautics Program Resources 


Center 

FY 1981 
Direct 

Civil Service 
Staff 

Direct 

Scientific and 
Engineering 

FY 1980 
R&D* 
($ M) 

Ames 

655 

358 

50.5 

Dryden 

301 

123 

12.5 

Langley 

1,482 

705 

120.2 

Lewis 

1,211 

604 

117.9 

Other 

123 

66 

7.2 

Totals 

3,772 

1,856 

308.3 


‘This R & D budget does not include salaries of personnel, travel, or 
certain operating expenses such as utilities and construction of facil- 
ities. 

Source: NASA. 
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TABLE 2 Functional Roles of NASA’s Research Centers 


Ames Research Center 

Langley Research Center 

O Short-Haul A/C Tech. 

O 

Long-Haul A/C Tech. 

O Helicopter Tech. 

o 

Acoustics and Noise Reduction 

O Fundamental Aerodynamics 

o 

Aerospace Vehicle Structures and Materials 

O Computational Fluid Dynamics 

o 

Avionics Technology 

O Flight Simulation 

o 

General Aviation A/C Tech. 

O Human-Vehicle Interactions 

o 

Fundamental Aerodynamics 

O Military Support 

o 

Military Support 

Dryden Flight Research Center 

□ 

Helicopter Tech. 

O Aeronautical Flight Research 

□ 

Hypersonic Propulsion Systems 


□ 

Computational Fluid Dynamics 

Lewis Research Center 



O Air Breathing Propulsion Systems 



O Primary Role 


n Supporting Role 
Source: NASA. 


are unparalleled. The current development of the National Transonic 
Facility (NTF) at Langley and the proposed Numerical Aerodynamic Simu- 
lator (NAS) at Ames are two examples of NASA's continuing efforts to 
remain in the lead in research facilities. But success breeds compe- 
tition. The Europeans now are constructing a cryogenic tunnel for 
transonic testing that is designed to match the NTF's capabilities, 
and the Japanese plan to have Hitachi build a computer for their 
aircraft industry that will be comparable to the proposed NASA 
National Aerodynamic Simulator. 

Historically, the NASA aeronautics laboratories have been late in 
acquiring state-of-the-art scientific computers. NASA laboratories 
currently are deficient relative to other government laboratories and 
will soon be deficient relative to the European aeronautical labora- 
tories. Scientists in the Department of Energy and in universities 
studying the magnetic confinement of plasma have access to a computer 
complex at Livermore, California, that includes a Cray 1, a DCD 7600, 
and a DEC 10, as well as other, smaller computers. Comparable facili- 
ties do not exist at any U.S. aeronautics center. If NASA were to move 
today to purchase the most advanced computers now available, the staff 
would find themselves in line behind their European counterparts. 

Funds 


Figure A-2 shows the funding history of NASA aeronautics from 1930 
to 1980 in constant FY 1980 dollars (adjusted for inflation). A sharp 
peak in expenditures occurred during World War II. The large spike in 
the early 1950s represents the Unitary Plan Wind Tunnel Act. With the 
creation of NASA in 1958 the funding for aeronautics declined to about 
one half its value for fiscal years 1960 and 1961. Expenditures began 
to increase in the early 1960s and peaked in 1979 higher than the pre- 
vious peak in 1950. However, funding appears to be declining again in 
fiscal years 1980 and 1981. 
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Source: NASA. 


FISCAL YEAR 


FIGURE A-2 NACA/NASA Aeronautics Funding History 
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APPENDIX B 


NASA’S INSTITUTIONAL RELATIONSHIPS 


Much of the success of U.S. aeronautics can be attributed to the 
nation's rapid advances in research and technology. Historically, 
these advances have been a product of cooperation between the govern- 
ment and both the military and civilian sectors of U.S. aviation. 
Military needs are identified for NASA through close cooperation and 
coordination with the Department of Defense and the technical staffs 
of the military services. Commercial and consumer needs are defined 
for NASA by the airlines, the aerospace industry, and government regu- 
latory agencies such as the Federal Aviation Administration. Thus, 
technology needs are often identified for NASA by the users; similarly 
the translation of the technology capabilities developed by NASA to 
useful applications occurs through the other agencies or institutions. 

NASA supports advanced aeronautical research, and the findings of 
such research often point the way to new developments in both civil and 
military aircraft. The technical capabilities developed by NASA at the 
system and sub-system levels have helped to secure the defense of the 
nation and enabled U.S. industry to compete successfully in the world 
ma rket. 


Interface Methods 

NASA has established a number of successful methods of working with 
the large number of government laboratories, agencies, and industrial 
concerns that together make up the aeronautical assets of the United 
States. Similar arrangements also are used to coordinate a • limited 
number of international programs. 

The basic method used to implement joint or cooperative programs 
between NASA and other agencies is a Memorandum of Agreement (MOA) that 
generally describes the areas of mutual activity in fairly broad terms. 
The MOA becomes the umbrella under which a number of specific tasks or 
project agreements are written. Such agreements usually contain a 
detailed description of the work to be done, a chart of project mile- 
stones, and a description of funding requirements, including any agree- 
ments on joint funding. 
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Each agency entering into such an agreement establishes one or more 
coordination points. Characteristically, these are at the Associate, 
Administrator level, as well as the agency service level, if appropri- 
ate. The programs are reviewed periodically at both levels so that 
needed changes or policy decisions can be made. In addition, program 
coordination points are established at the operational level, both 
within NASA and the respective agency, so that the day-to-day coordi- 
nation of each program is expedited. Within these general guidelines, 
however, a great deal of latitude exists in the actual working rela- 
tionships of each program. Descriptions of the variety of arrangements 
are given below. 

o Establishment of an agency program office at a NASA facility ; Such 
a program office also may have responsibility for operating a major 
NASA facility such as a wind tunnel. This type of program arrange- 
ment may have a mixture of agency, NASA, and contractor personnel 
working on a technology of common interest. Such a program may 
also involve university support, either through contracts or by 
virtue of direct, on-site support. However, the responsibility for 
the program resides with the agency. 

o Establishment of an agency technical office at a NASA facility with 
responsibility for coordination and oversight on a number of agency 
programs ; In this case, the office consists of technical and pro- 
gram people who participate in the technical work on the key coor- 
dinated programs conducted at the facility. The responsibility for 
the programs is shared with NASA. 

o Establishment of joint programs ; When agencies establish joint 

programs, they may be organized in either of the ways described 
above. In the past, NASA and one or more other agencies have 

undertaken a series of tasks leading to the development of a new 
technology that, in turn, had direct application to new aircraft 
or aviation-related systems. 

o Establishment of coordinated programs ; This type of arrangement 

is instituted when NASA and another agency want to explore several 
different technologies or approaches to the solution of a particu- 
lar need or problem. It facilitates the orderly assessment of 
technology leading to the fulfillment of a particular need. 

o Establishment of a joint agency agreement ; Such an agreement can 
have various options. An example is the joint Army /NASA agreements 
on low-speed aeronautics. This agreement is broad enough to allow 
joint tasks at individual centers as well as expansion of specific 
NASA facilities. By virtue of this agreement, there is joint 
involvement of each agency in the formation of both the Army and 
the NASA rotorcraft programs. 
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NASA Interfaces with Other Government Agencies 


NASA's relationships with other government agencies are character- 
ized by a high degree of diversity, although the formal mechanisms 
previously described provide a consistent framework for conducting 
interagency programming. NASA has had close historical ties with DoD. 
In the civil sector, NASA's expertise and the responsibilities assigned 
to the FAA provide fertile ground for closely coordinated programs. 
NASA also serves other government agencies when its capabilities and 
the expertise of its personnel can contribute to the solution of prob- 
lems . 

NASA and the DoD 

NASA and the military services have developed an array of effective 
working relationships, ranging from high-level coordination of deci- 
sions on the one hand to the daily technical interactions between 
working scientists and engineers on the other. An extensive number of 
joint or interdependent programs now exist (see examples listed in 
Table 6, Volume II). Formalized review activities, such as those con- 
ducted by the DoD/NASA Aeronautics and Astronautics Coordinating Board 
and the AFSC/NASA Interdependency Review Group provide the basis for 
management decisions and formalized Memoranda of Understanding (MOU). 
MOUs for joint activities are negotiated at the laboratory/center 
management level in cases in which the size of the program and policy 
issues are within their purview (with visibility provided to higher 
management) . 

Coordination and mutual understanding at the laboratory management 
and engineering level are enhanced by the interchange of personnel and 
the assignment of representatives to major laboratories or centers. 
The sharing of technical information, the conduct of experimental 
testing, and other joint activities are carried out directly between 
organizations at the working level and reported more formally to higher 
management. 

The NASA rotorcraft program is an excellent example of the efficacy 
of such arrangements. NASA's continued support of the DoD in the 
development of rotorcraft technology is essential. Both the Army and 
Navy benefit from this relationship. The program is particularly 
important to the Army because it is the principal user of helicopters 
and it has no research facilities of its own. 

The Army/NASA agreement and the subsequent cooperation are probably 
not excelled anywhere in the realm of government Interagency coopera- 
tion in terms of mutual support, responsiveness, and efficiency. Coop- 
eration in the use of resources, including personnel and facilities, 
has been highly effective. Continuation of the current levels of 
effort and consultation and cooperation in addressing solutions to 
specific problems are essential to the viability of the Army/NASA 
relationship. 
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The existing relationship, when assessed in terms of the return on 
the investment by both agencies, rates extremely high. NASA/ Army 
cooperation has provided the nation with a valuable asset to meet new 
and future civil and military requirements. 

NASA and the FAA 

The FAA is responsible for the certification of aircraft, flight 
personnel, and airports, as well as the design, implementation, and 
operation of the nation's Air Traffic Control (ATC) system. The FAA 
also is responsible for promoting U.S. aviation, as evidenced by its 
SST research and development efforts. In discharging its mission, the 
FAA uses the expertise of other government laboratories, universities, 
and industry in providing the needed technology base and in developing 
the various system elements required. 

The FAA looks to NASA for the basic research and technology devel- 
opment in areas in which the current technology base is not adequate, 
as well as for direct program support in certain critical cases. The 
output of NASA programs provides the data base needed to formulate 
advisory circulars and regulations and to develop new ATC system 
elements. The advisory circulars and regulations form the basis for 
the FAA certification process. 

NASA and FAA have established a formal coordinating committee and 
supporting process to define and carry out cooperative programs in a 
number of major areas — e.g., aviation safety, aviation meteorology, 
aircraft noise, air pollution, aviation fuels, short haul transporta- 
tion, airport/aircraft avionics systems, materials and structures, 
human factors, and other related fields, including general aviation 
technology, emergency locator transmitter systems, /helicopter opera- 
tions under instrument flight rules and pilot training. 

New coordinated programs are established when FAA has a requirement 
for system improvement and NASA has the facilities and/or the expertise 
to provide the needed technology. The programs conducted in the 
general areas listed above are revised periodically as the activities 
are completed and the requirements change. 

FAA also has established field offices at two of the NASA facili- 
ties to ensure a high degree of coordination in key program areas. 
NASA currently has capabilities that are not fully exploited in support 
of FAA research objectives. Clearly, areas of cooperation do exist, 
and their number is growing. Some of the most significant challenges 
in air transportation are within FAA's responsibility, and in a portion 
of these NASA can help. It is important to bring NASA's resources to 
bear on certain critical technical problems that are under the purview 
of FAA. 

Other Agencies 


NASA also provides technical support to or has working relation- 
ships with other government agencies. The Department of Agriculture 
and the U.S. Forest Service are interested in improvements in safety 
and efficiency in aircraft used for the aerial applications of pesti- 
cides, fertilizers, etc. The Department of Energy is making use of 
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NASA's extensive experience in thermodynamics, energy transfer, and 
solar energy, as well as its knowledge of wind and fluid dynamics and 
several aspects of its alternative energy program. NASA has done work 
in synthetic fuels that relates to the present responsibilities of DoE. 
In fact, NASA's whole aircraft energy efficiency program is of impor- 
tance to the DoE conservation efforts. 

There are long-standing interrelationships between NASA and the 
present National Oceanic and Atmospheric Administration in the collec- 
tion and dissemination of weather data, as well as in research on the 
increased automation of weather collection, dissemination, and display. 
Such programs are of interest to the FAA as well. 

NASA Interfaces with Universities 

Historically, the relationship between NASA and universities has 
been a good example of how academic researchers can be involved early 
on problems of national security and economic concern, even while 
assuring their broad independence and freedom in academic sciences. 
The flow of ideas from universities into NASA and its research centers 
and from NASA to universities has been effective, mutually reinforcing, 
and beneficial. 

NASA/university interfaces usually take one of the following forms: 

o Maintenance of University Centers of Aeronautics Expertise : The 
approach of allocating aeronautical research funds to universities 
has proven successful and effective. Obviously, the funds required 
to maintain such centers of expertise and excellence are continuing 
and substantial. It is important to note that the participation 
of foreign students in these centers increased substantially during 
the past two decades. A review of how to maintain and increase 
U.S. student participation in these centers of expertise is 
required. Scholarships, awards, prizes, and other incentives may 
have to be reassessed. 

o Independent Generic and Basic Research: Because of funding limita- 

tions, project-specific R&D has been emphasized by NASA through 
each of its research centers at the expense of generic basic 
research. The reestablishment of an independent line item, pre- 
ferably at NASA Headquarters, for university non-project-specific 
(generic) aeronautical research would remedy this situation. Such 
generic research could deal with fundamental issues in aeronautics 
— e.g., theoretical limits to performance improvements, noise 
reduction, automation, and robotics. 

o Personnel Interchange between NASA Research Centers and Universi- 
ties : In the past, assignments to NASA laboratories and research 

facilities were an important part of academic achievement and 
advancement. The role of NASA in this area has diminished during 
the last decade. Specific steps should be taken to ensure person- 
nel interchange between universities and NASA research centers, 
thus facilitating the active interchange of technical knowledge. 
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The importance of improving the relationship between NASA and U.S. 
universities should not be underestimated. Universities have a con- 
stant supply of bright, young talent, as well as easy access to and 
cross-fertilization with other fields of science and engineering. In 
such an environment, steady progress toward the understanding of a 
given technical field, such as turbulence, is more natural than is the 
rapid solution of a specific problem. The latter can be done more 
effectively by others. 

During the 1970s, there was a steady decline in the number of 
engineering doctoral degrees awarded by U.S. universities.! In 
addition, at present about half of the doctoral candidates in 
aerospace engineering are foreign nationals. 2 This portends a 

future shortage of research personnel in U.S. aeronautical and related 
industries and at NASA research centers, with an ensuing competition 
for graduates with advanced degrees that may adversely affect the 
composition of engineering faculties and thus exacerbate the problem. 
There is presently a shortage of faculty members with doctorates in 
U.S. engineering schools. The situation is likely to worsen unless it 
is corrected by making graduate education in engineering more 
attractive to the best undergraduates. NASA was successful in doing 
this in the early 1960s. 

NASA operates research centers with some of the best facilities in 
the world; at best, university laboratories are equipped with sophis- 
ticated instrumentation, but none has research and development facili- 
ties to equal NASA's. In many ways, this situation is similar to one 
existing in fields requiring the use of large particle accelerators. 
Here "user groups" are formed in universities; faculty members prepare 
experiments at their home base and subsequently use the accelerator at 
a national laboratory for a rigorously scheduled time. Similar 
arrangements should be possible in aerodynamics, in particular in 

facilities such as the National Transonic Facility. 

The research modes of NASA and universities are complementary. 

However, differences in operation have to be kept in mind. NASA has 
better access to "real" problems, while the universities are a fertile 
field for novel ideas and techniques, stimulated by contacts with 
fields other than aeronautics. To a certain extent, cooperative 
efforts are underway already, but they can be strengthened signifi- 
cantly both through grants and contracts and through exchanges of 
personnel between the NASA centers and the universities. 

In the 1960s NASA granted academic fellowships up to $6000 a year 
to attract talented students. Approximately 1,000 students were 

recipients of the NASA fellowships in any one year. It could be useful 

to fund such a program today. 

NASA Relationships with Industry 

There are two facets of NASA's relationships with industry. The 
first relates to the transmission of a clear perception of industry's 
research needs to NASA. This is accomplished primarily through the 
NASA Advisory Committee but also through system studies. The second 
facet is the transfer of technology from research conducted by NASA 
through technical symposia, workshops, NASA reports, research progress 
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reports, and contracts with industry 


NASA Relationships with Foreign Agencies; Technology Export 

Technology transfer to U.S. competitors abroad is a cause of 
concern. It is recognized that it would not be desirable, even if it 
were possible, to restrict NASA's data dissemination in general. There 
are occasions, however, when it would be in the best interests of the 
United States to withhold research results and new technology from 
worldwide dissemination, particularly technological innovations and 
critical data. The dissemination of such information to U.S. users at 
an early date prior to dissemination to foreign users is an option that 
is appropriate for many situations. This is a matter requiring the 
attention of technical management personnel at the NASA research 
centers, and it must be handled with a good deal of judgment. Laxity 
in this regard could leave NASA open to the criticism that U.S. tax 
dollars are not being used in a manner that reaps the fullest benefits 
for U.S. Interests and well-being. Of course, when advances pertain 
to technology directly applicable to military aircraft, military 
security classifications will apply. 
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